BACKGROUND: Low alanine aminotransferase (ALT) blood levels are known to be associated with frailty and increased risk of long-term mortality in certain populations. However, the contribution of this marker to longterm outcome has not been assessed in patients with chronic coronary heart disease. OBJECTIVE: The aim of the current study was to assess the association between low ALT values and long-term, 22.8-year, all-cause mortality in this population. PARTICIPANTS: We examined the association of low ALT (<17 IU/l) with long-term all-cause mortality in the Bezafibrate Infarction Prevention (BIP) Registry population. KEY RESULTS: Appropriate laboratory and survival data were available for 6,575 patients, without known liver pathology, included in the BIP registry, with a median follow-up period of 22.8 years. The cumulative probability of all-cause mortality was significantly higher in the low ALT group compared with patients with higher ALT levels (65.6 % vs. 58.4 %; log-rank p<0.001). Consistently, multivariate analysis, adjusted for multiple established predictors of mortality in this population, demonstrated that low ALT is independently associated with 11 % greater long-term (22.8 years) mortality risk [HR 1.11 (95 % confidence interval: 1.03-1.19; adjusted p<0.01)]. CONCLUSIONS: Low ALT levels are associated with increased long-term mortality among middle-aged patients with stable coronary heart disease. This association remained statistically significant after adjustment for other well-established risk factors for mortality in this population.
INTRODUCTION
Several essential metabolic steps in the liver and skeletal muscles are facilitated by the enzyme alanine aminotransferase (ALT), which catalyzes the transformation of keto acids such as pyruvate into amino acids such as alanine. In contrast to the known etiology and consequences of increased blood levels of ALT [as well as aspartate aminotransferase (AST)], as in hepatitis, less is known with regard to cases of lower than normal ALT values in the blood. Low ALT levels were found to be a biomarker for increased frailty and subsequent increased risk of mortality in old age 1, 2 and among chronic kidney disease [CKD] patients treated with hemodialysis. 3, 4 Frailty, as a qualitative definition, currently diagnosed by several indices, 5 is thought to be associated with decreased skeletal muscle mass. 1, 6, 7 Therefore, it is plausible to assume that low ALT levels are associated with sarcopenia. 1, 7 Nevertheless, a causative relation between low ALT and shortened life span has not yet been established.
The authors of this publication have recently demonstrated that low-normal ALT values (<17 IU/l) are associated with increased risk of long-term mortality in large, selected populations. Among others, this association was statistically significant among middle-aged adults attending an annual preventive medicine clinic. 8 Furthermore, in our study population, ALT<17 represented the lower quartile.
The Bezafibrate Infarction Prevention (BIP) study, a multicenter, double-blind, placebo-controlled randomized clinical trial, was conducted between February 1990 and October 1992 and included 15,524 patients aged 40 to 74 with stable coronary heart disease (CHD). The design and rationale of the BIP study have been published previously. 9, 10 The BIP registry patients had a diagnosis of CHD established by: (1) a history of myocardial infarction (MI) occurring no less than 6 months but no longer than 5 years prior to enrollment; (2) stable angina pectoris, which was symptomatic and documented on nuclear study/exercise test/coronary angiography (demonstrating a stenosis of above or equal to 60 % in one of the major coronary arteries); (3) primary transcutaneous coronary angioplasty (PTCA) or coronary artery bypass graft surgery (CABG) operation in the 6 months prior to enrollment.
We undertook the task of establishing a quantitative measure for frailty evaluation among stable CHD patients. The BIP registry patients, followed for over 2 decades, today represent a large cohort that is continuously aging. In the face of the advanced and novel techniques currently available for the treatment of coronary atherosclerosis and consequent heart failure, it seems valuable to better assess the frailty status of stable CHD patients. 11, 12 We took the opportunity to reaffirm our assumptions regarding the value of low ALT levels as a prognostic marker in this important patient population.
METHODS

Study Population
A total of 15,524 patients underwent screening for participation in the Bezafibrate Infarction Prevention (BIP) trial. The BIP patient population was aged 40 to 74 years with a diagnosis of CHD based on the following parameters: (1) documented myocardial infarction in the previous 5 years; (2) stable angina pectoris and a positive exercise test, positive myocardial ischemia by scintigraphy or ≥60 % stenosis of one of the major coronary arteries (demonstrated by coronary angiography); or (3) documented PTCA or CABG operation in the 6 months prior to study enrollment. Within this database, patients with established liver disease, patients whose ALT levels exceeded 40 IU (the upper normal limit, over which increased ALT levels are indicative of hepatocellular damage) and patients for whom no baseline ALT levels were available were excluded from the study. The remaining 6,575 cases with documented ALT levels of 40 IU or less comprised the present study population.
Clinical Information and Laboratory Assessment
During the first visit, records were obtained concerning previous and current illnesses and medications used by the patient, and a complete physical examination was performed. Blood samples were taken after ≥12 h of fasting. ALT levels were tested using the standard laboratory measurements used during the BIP recruitment period. It is noted that the measurement technique changed during the following years; nevertheless, reference values for normal ALT activity were not changed.
Outcomes and Definitions
The primary outcome was all-cause mortality at a median follow-up duration of 22.8 years. Mortality data were obtained from the national Israeli population registry.
Statistical Analysis
The study population was divided into two prespecified groups based on the ALT levels obtained during the baseline visit with a cutoff value of 17 IU/l. We compared the low ALT group (ALT<17 IU/l) to the ALT≥17 IU/l group. Comparison of categorical variables was performed with chi-square analysis, and comparison of continuous variables was performed with the Student's t-test for variables with normal distribution and by the Kruskal-Wallis test for those that violated the normality assumption. The cumulative probability survival estimates for the 22.8-year outcome according to ALT category were constructed according to the Kaplan-Meier method and compared using the log-rank test. An additional analysis as described above was performed for deciles of ALT.
Logistic regression analysis, comparing the two ALT groups, was performed in order to identify independent predictors associated with low ALT values. The multivariate model included the following prespecified covariates: age, gender, body mass index (BMI), height, past MI, New York Heart Association (NYHA) functional status and baseline serum creatinine values.
The independent association of low ALT values and the allcause mortality outcome was explored using multivariate Cox proportional hazard regression analysis. The set of covariates included in the multivariate model was identified using a best subsets analysis. The covariates introduced were the following: age, gender, BMI, LDL cholesterol, glucose, triglycerides, creatinine concentration, alkaline phosphatase, hypertension, NYHA functional class, chronic obstructive pulmonary disease (COPD), prior myocardial infarction and smoking status. Additional analysis included the addition of AST and CPK as continuous variables using the above-described model.
All p values were two sided, and a p value lower than 0.05 was considered significant. The statistical software used was SPSS version 20 (IBM Inc.).
RESULTS
The baseline characteristics of 6,575 adult males and females are presented according to the ALT blood level grouping ( Table 1 ). The mean age for the low ALT group was 61.31 years, while in the higher ALT group (18-40 IU/l) it was 59.24 years (p<0.001). Female gender was more prevalent in the low ALT group (16.8 % vs. 10.0 %; p<0.001). BMI values were lower in the low ALT group (25.8 vs. 26.6; p= 0.01). The CPK blood concentration was significantly lower in the low ALT group (80.4 IU/l vs. 103.4 IU/l; p<0.001).
Predictors of Low ALT
Independent predictors of low ALT values (Table 2) were older age, lower BMI, female gender and lower height. Creatinine concentration, NYHA functional class greater than 1 and past MI were not found to be independent predictors for low ALT values (Table 3) .
Long-Term Outcomes
Among patients who had low ALT values at baseline, the overall unadjusted cumulative mortality probability was significantly higher than for patients who had higher ALT values at baseline (65.6 % vs. 58.4 %, log-rank p<0.001; Fig. 1) . A graded mortality risk was observed within the normal ALT range, with mortality probability ranging from 69 % in the lowest ALT decile to a 56 % lower risk in the highest ALT decile, an absolute 13 % difference ( Fig. 2; p value for trend<0.001).
In a multivariate analysis, the independent adjusted risk of mortality was higher for those who had ALT levels lower than 17 IU/l (HR 1.11; 95 % CI, 1.03-1.19, p=0.01). Additional factors associated with independent long-term mortality were older age (per 1-year increment HR 1.08; 95 % CI, 1.07-1.09, p<0.001), greater BMI (per unit increment HR 1.02; 95 % CI, 1.01-1.03), smoked at enrollment (HR 1.71, 95 % CI 1.54-1.91), diagnosis of hypertension (HR 1.09; 95 % CI 1.02-1.17), past MI (HR 1.43;95 % CI, 1.32-1.54), NYHA class>1 (HR 1.14, 95 % CI, 1.08-1.20) and increased creatinine blood concentration (per 1 mg/dl increment HR 1.61, 95 % CI, 1.38-1.87). When AST and CPK values were introduced into the multivariate model, no significant association with outcome was demonstrated. Gender and COPD were not associated with long-term outcomes. With regard to the bezafibrate treatment, we found that the distribution of subjects receiving fibrates was similar between the group with normal ALT values and the low-normal ALT group (22 % vs. 23 %; p= 0.67). Consistently addition of fibrate treatment as a covariant had no significant influence on the multivariate Cox model results. Therefore, it was excluded from our analysis.
DISCUSSION
The principle findings of this study are that, in patients with chronic CHD, low ALT levels are associated with older age, Data presented as numbers (%) and median (IQR) or mean ± SD as appropriate. BMI, body mass index; HTN, hypertension; AMI, acute myocardial infarction; CVA, cerebral vascular accident; COPD, chronic obstructive pulmonary disease; PVD, peripheral vascular disease; NYHA, New York Heart Association; ALT, alanine aminotransferase; AST, aspartate aminotransferase; CPK, creatinine phosphokinase; LDL, low density lipoprotein; HDL, high density lipoprotein; TG, triglycerides female gender, lower BMI, lower height and a past MI. Patients with low ALT levels have increasingly greater risk of allcause long-term mortality with progressively lower ALT levels. Furthermore, the association of low ALT levels and mortality remained significantly independent following adjustment for multiple established predictors of mortality in this population. Thus, ALT levels may assist risk stratification in subjects with stable coronary disease. Figure 1 Cumulative survival probability at 22-year follow-up. y axis: cumulative survival probability; x axis: time (years). Figure 2 Mortality at 22-year follow-up by deciles of ALT levels within the normal range. y axis: cumulative mortality probability; x axis: ALT levels (IU/l).
As the general population ages, diagnosing frailty becomes increasingly important-mainly among patient populations with common chronic diseases. One such patient population is the one included in the BIP registry: stable CHD patients. As these patients get older, increasingly advanced medications and invasive technologies are available to them (both as CHD and CHF patients). The ability to better diagnose their frailty and longevity is important for treatment planning in both the early and advanced stages of disease.
Low ALT blood levels have been shown to be associated with both frailty and shortened survival. In a recent study by Ramati et al., 8 this was demonstrated in a population of healthy middle-aged adults. The fact that low ALT values and frailty lead to shortened survival is not necessarily the case for all adults, to say the least for adults suffering from chronic diseases, potentially shortening their life expectancy, at times leading to their death without a state of frailty on their path. Therefore, we found it important to address the relevant issue of low ALT as a biomarker for shortened survival in this patient (chronic IHD) population, which could have a shortened life span, without an obligatory state of frailty during their lifetime.
In the current study we have demonstrated a statistically significant association between low ALT levels of CHD patients and their long-term survival. The authors of the current study assume that the "missing link" between a low ALT value and survival is frailty. Therefore, we find it prudent to assume that low ALT values among stable CHD patients are associated with frailty and a shortened life expectancy.
It is assumed that a low ALT value serves as a biomarker for decreased muscular mass or sarcopenia in old age. The finding that low ALT values in middle-aged adults who are either healthy or suffering from chronic IHD are associated with a shortened life expectancy deserves special attention. The authors believe that a low ALT value might serve as an early predictor of frailty later in old age. It could be a part of an "early aging" syndrome, linking lower muscle mass in middleaged people with later development of frank sarcopenia in old age. This biologic hypothesis of course requirees further investigations.
Previous studies and reviews have addressed the possible direct and indirect association of ALT levels and CHD: in their study, Schooling et al. 13 made multivariable proportional hazard regressions in 16,865 adults from the National Health and Nutrition Examination Survey (NHANES) III (1988 III ( -1994 . They showed that ALT blood levels were positively associated with CHD, which was considered to be associated with diabetes, but they were negatively associated with CHD, which was not associated with diabetes. They suggested that ALT levels, as a biomarker for liver function, may lead to an explanation regarding the paradox they described: the fact that stringent diabetes control does not reliably reduce cardiovascular events. The possible association with frailty was not addressed in their article. Schidhelm et al.
14 demonstrated a positive correlation between high-normal ALT values and increased risk for coronary events in the general population, but no long-term correlation was addressed between low ALT values and the prognosis of CHD patients. None of the abovementioned publications addressed low ALT values as predictors of frailty and subsequent mortality in chronic CHD patients.
The current study has several limitations: it was conducted as a retrospective analysis of data; therefore, potential bias could not be ruled out and not all possible confounders could be accounted for. We have no information regarding the management and clinical events following the screening phase of the BIP registry. Also, we did not exclude special populations, potentially demonstrating increased or decreased ALT activity levels: Parkinson patients being treated with levodopa tend to have low-normal ALT levels since the enzyme responsible for dopamine degradation (dopamine carboxylase) utilizes the same cofactor as ALT does. 15 On the other hand, different intake levels of vitamin B6 might interfere with the temporal results of ALT activity, not necessarily reflecting long-term ALT levels.
CONCLUSIONS
Low ALT blood levels may serve as an independent, longterm prognostic factor in the chronic CHD patient population. Serving as a quantitative parameter of frailty, ALT measurements may assist clinicians to build an overall patient assessment. Upon consideration of future surgery or interventional procedures, a low ALT value may serve as a marker of increased frailty and a poor long-term prognosis. Further prospective studies are warranted in order to better assess the contribution of ALT measurements in these settings.
